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A method is described for inducing quantitative dermatophyte infections in guinea pigs. 
This model is unique in that the epidermis in the infection site is not traumatized nor is it 
epilated. One hundred spore-inocula of Trichophyton mentagrophytes var. granulosum 
ATCC #18748 induced infections in 85% of tested guinea pigs . The course of these infections 
in guinea pigs that had not had a previous infection (inexperienced) and those that had 
(experienced) paralleled that seen in experimental infections of human volunteers . 
Dermatophyte infections have cost individuals 
and government a significant amount of money and 
time lost from work [1] . There is still no accepted 
explanation as to what effect the body's defenses 
play in these infections [2- 4]. Researchers study-
ing host immune responses to dermatophyte infec-
tions have not had a satisfactory model animal in-
fection. Many modifications [5- 7] of Bloch and 
Massini 's (8) original procedure have been used, 
but these still are far from adequate. Investigators 
have not quantitated the inoculum, they have dam-
aged the epidermis, or they have used animals 
which were unacceptable as a laboratory model. 
For this reason many investigations have made use 
of human volunteers, either for experimental in-
fections, or as blood or skin donors for in vitro 
tests. Over the last few years there has been in-
creasing difficulty in obtaining authorization to use 
certain groups of individuals for infection studies 
and the cost of infecting or performing innocuous 
experimental manipulations on volunteers is ris-
ing rapidly. Added to this, the ease with which ma-
nipulations of all types can be performed on ani-
mals, the ability to control all variables, and the 
animals' accessibility to experimentation make 
the development of a sound animal model a neces-
sity. Although a procedure for performing quanti-
tative dermatophyte infections in human volun-
teers has recently been described [9], it has not 
been used to initiate infections in animals. 
The purpose of this paper is to relate how this 
procedure can be adapted to produce infections in 
an animal model. In choosing an animal, the follow-
ing criteria were considered necessary: (1) the ani-
mal to be used must be widely available, relatively 
inexpensive, easily maintained, comparatively 
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docile, and readily manipulated; (2) the animal 
must also be susceptible to dermatophyte infec-
tions; (3) the infection must be predictable, have 
quantifiable clinical features , and be of moderate 
duration (2- 3 weeks); (4) the method of infection 
should have a high success rate, be simple, re-
quire a minimum of special equipment, and not be 
overly time consuming. In experimental proce-
dures where epidermal damage has been done, it 
is hard to say how early inflammation starts, what 
part serum factors may play on the infection, and 
what difference presentation of the dermatophyte 
antigen through the abrasion may have. For these 
reasons it was considered essential that the initi-
ation of the infection must not destroy the integ-
rity of the epidermis. From our experience with 
laboratory animals and that of others [5- 8,10-12], 
we decided that the guinea pig would be the best 
animal in which to develop a dermatophyte infec-
tion model. 
MATERIALS AN D METHODS 
Animals. All infections were performed on closed-
colony out-bred Chase- Moen guinea pigs of either sex , 
weighing between 250 and 500 gm. 
Organism . Inocula were made from cultures of Tricho-
phy ton mentagrophy tes var . . granulosum ATCC 18748 
[9]. Briefly, the fungal mycelial mat of a 2- to 3-week 
culture was harvested using st.erile saline made to 0 .01 % 
Tween 40. The suspension was homogenized with glass 
beads and filtered through a glass-wool column. The 
filtrate was centrifuged (15,000 g for 20 min at 20°C) and 
washed with an antibiotic solution (300 mg cyclohexa-
mide, 100 mg chloranphenicol , and 100 mg of tetracycline 
HCI per liter of d istilled water) . The tube was triturated 
10 times, centrifuged , and washed twice. Ten milliliters 
of the washed spore suspension was transferred to a test 
tube and mixed on a vortex for 2 min. This was allowed to 
set for 30 min; the top 5 cc was aspirated and this was 
serially diluted and plated on 100 X 15 mm plates 
containing dermatophyte test media [13]. The dilution 
with the appropriate concentration of microaleuriospores 
was then used for experimental infections. This number 
was also verified by the use of a Coulter Counter Model B 
or by direct count in a hemocytometer. 
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Infection procedure . The guinea pig was shaved with 
iln Oster (John Oster Manufacturing Co., Milwaukee, 
W isc.) clipper with a #40 blade attachment. One or mul-
tiple circu lar a reas 22 mm in diameter, to be used as the 
infection site(s), was outl ined and protected with tape. 
The remainder of the back was epilated with Magic 
Shave (Carson Chern Co., Savannah, Georgia). Leaving 
the tape protection over the expected site of inoculation , 
llo11ister spray adhesive (Hollister, Inc., Chicago, IlL) 
was sprayed onto t he surrounding epilated skin . The 
protective tape was removed and 25 III of steri le water 
containing 10 to 10' microaleuriospores [9] was placed in 
this circular a rea, and spread over the site with a glass 
rod . A circle of gauze (thickness of two 2 x 2" gauze 
sponges), measuring 22 mm in diameter, was cut and 
then positioned over the infect ion site. Five to 10 drops of 
sterile water were dropped on the gauze. A piece of Tef10n 
was applied over t he gauze and epilated area so t hat it 
firmly adhered to the epilated skin . To further protect the 
infectio n site, a foam rubber pad with a 22-mm hole was 
placed over the infection s ite. E lastoplast (Duke Labora-
tories, Inc. , South Norwalk , Conn .) was tightly wrapped 
ilround the guinea pig, and paper tape was applied over 
the Elastoplast. The animal was replaced in his cage 
until the dressing was removed 72 hr later. The guinea 
pig was observed daily . 
Lesion scoring. Lesions were measured as to the 
following parameters: size, erythema, scale, crust, and 
scar. The day the lesion was first measurable was taken 
ilS that day that the erythema was discrete enough to be 
Jll.easured. The size of the lesion was measured across the 
greatest expanse of abnormal (infected) skin . A second 
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FIG. 1. Comparison of average daily measurements of 
erytheIna (bottom), scale (middle), and crust (top) in two 
groups of guinea pigs infected nonconcurrently. (Group 
A-II guinea pigs; group B-13 guinea pigs.) 
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measurement was taken perpendicular to this and the 
area was calculated using the formula for an oval 
(7rr,xr,-where r, is V2 the la rge diameter and r, is V2 the 
small diameter). Erythema was graded on a subjective 
1- 4 basis where 1 was pink, 2 rose, 3 red, and 4 beefy red. 
Scale and crust were graded on a 1- 4 basis in the follow-
ing manner. A few punctate areas to 30% of the lesion 
areas was L If 30-60% of the lesion was covered it was 2; 
60- 90% was 3; and 90-100 was 4. Scar was measurEld as 
the first day that alopecic skin appeared with no scale or 
crust on it. Parameters measured on a 1-4 basis were 
often measured as a 1+ or 2+ at the eval uator 's discre-
t ion . Once fam ili ari ty was gained, t his system was found 
to be reproducible at different t imes of the same day by 
one person and also between two individuals. Erythema 
was t he most variable but even this rarely varied more 
t han 0.5 uni ts ( + is essent ia lly equal to 0.5). These data 
were used to establish t he t ime of onset of the lesion and 
the time at which alopecia occurred. In addi tion, t he day 
at which t he size, erythema, scale, and crust were 
maximal was established. . 
Initially, four inocu lation sites were Llsed on each of 10 
guinea pigs. The sites were inoculated with 4 of the 5 
concentrations of 10, 10 ', 10 ', 10', 10 ' microaleuriospores. 
Each inoculum was tested on 8 different animals. All 
further infect ions were performed with 10' microaleurio-
spores. An inexperienced guinea pig was defined as one 
which had never been injected with antigen and had not 
had a prior infection . An experienced guinea pig was one 
which had recovered from a previous infection. 
In one study of 30 inexperienced guinea pigs, lesions 
were cultured from day 18 un til day 35. T he lesions were 
roughly scraped with a #15 scalpel blade 10 times over the 
crust or scar. Scap ings were collected on a Rodec (Bal-
timore Biological Laboratory, Cockeysville, Md .) plate 
containing dermatophyte test media and then the plate 
was pressed onto the infection site. 
RESULTS 
Infections with 10' and 10 5 microaleuriospores 
gave infections in 100% of the animals; 10 3 
microaleuriospores gave infections in 87.5% (7/8); 
10 2 microaleuriospores gave infections in 75% 
(6/8); and 10 microaleuriospores gave infection in 
25% (2/8). The 100 microaleuriospore d osage was 
t h e lowest dose that would give good infection rates 
a nd t his d ose was used in t he remainder of t he 
infections. From this experiment it was observed 
that larger inoculi (10 3 or greater) produced infec-
tions of less duration than inoculi of 10 2 
microaleuriospores. 
Figure 1 compares average daily measurements 
of erythema, scale, and crust in two groups · of 
inexperienced guinea pigs infected with 100 
microaleuriospores . Group I was infected 3 mon ths 
after group II. The day of maximum erythema 
differs by 1 day between groups, being on day 12 in 
group I a nd day 11 in group II. Maximum scale was 
reached on t he same day in both groups as was 
m aximal crust . 
Parameters in t he Table were calculated by 
taking t h e average day th at t h e parameter 
appeared or became maximum as defined in t he 
Table. All parameters were readily quantitated in 
the inexperienced guinea pig. The course of the 
infection in experienced guinea pigs did not evolve 
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TABLE. Parameters of experimental dermatophyte infections in guinea pigs: a comparison between experienced and 
inexperienced animals 
Parameters Inexperienced 
% Infections 85 
Lesion first measurable 8.27 ± 1.09 
Lesion maximal erythema 11.54 ± 0.72 
Lesion maximal scale" 12.94 ± 1.2 
Lesion maximal size" 13.45 ± 1.28 
Lesion maximal crust" 17.57 ± 1.28 
First scar" 21.05 ± 1.35 
"Measured in days from inoculation of dermatophyte . 
through distinct erythema and scale due to the 
early development of crust. It can be seen that for 
erythema, scale, and crust the average day of 
maximum was in the same range (Tab.) as the day 
of average maximum (Fig . 1). 
Eighty-five percent (33/39) of the inexperienced 
animals could be infected and 65% (19/29) of the 
experienced guinea pigs. This difference was not 
significant (0 .1 < p < 0.45). All other parameters 
that could be compared were significantly different 
(Tab .) in their time of onset. Significance was 
determined by the use of a nonpaired t-test [14]. 
Lesions in experienced animals appeared earlier, 
reached maximum size earlier, and crusted and 
healed faster than those of the inexperienced 
group. Plates 1, la and 2, 2a demonstrate typical 
lesions induced by the infection in inexperienced 
and experienced guinea pigs. 
Animals infected and then cultured showed the 
cultures were all positive on day 18 and remained 
positive until day 29. Cultures had a gradual de-
crease in colony Dumber over this period. On day 
18 the colonies usually were too numerous to count 
but by days 29 to 31 there were usually only 1 or 2 
colonies and by day 35 most cultures were nega-
tive. 
DISCUSSION 
Experimental infections induced in guinea pigs 
using the quantitative infection technique have 
been repeatedly successful. The course of infection 
within each group does not significantly vary 
between experiments, and parallels that in man 
[15]. Inexperienced subjects (guinea pigs and man) 
go through an incubation, spreading, inflamma-
tory, and resolving phase. The experimental infec-
tion in man occasionally show~d a typical annular 
ringworm with central clearing but more fre-
quentlya nummular lesion developed with gradual 
'increase in size. In the guinea pig the typical 
annular lesion of ringworm was not seen. All 
lesions progress as an enlarging nummular plaque . 
Progression seems to end about the time of devel-
opment of delayed hypersensitivity (S . Kerbs, J . 
Greenberg, K. Jesrani, unpublished data) . Vesicles 
are not see~ clinically in the guinea pig, probably 
Level of 
Experienced significance 
(p value) 
65 .1 < p < .45 
4.92 ± 0.86 < .005 
Not measurable 
Not measurable 
6.23 ± 2.24 < .005 
9.84 ± 3.10 < .005 
13.84 ± 2.27 < .005 
because they are obscured by the scale and crust, 
but they are noted on microscopic examination, 
starting at the same time as the skin test becomes 
positive (unpublished data) . The hair follicle is 
involved in both man and guinea pig. In man this 
is manifested by a follicular p&pule whereas in the 
guinea pig the follicular involvement leads to a 
transient but complete alopecia. The guinea pig 
and man develop both a scale and crust but these 
are far more prominent in the guinea pig. 
Experienced guinea pigs and man both have a 
shortened incubation phase , little or no spreading 
phase, and an inflammatory and resolving phase. 
The difference between the courses of infection 
in experienced and inexperienced guinea pigs may 
be due to the development of immunity. Although 
this protection significantly shortens the duration 
of infection , it did not significantly alter suscepti-
bility to infection. Thus, the immunity gained is 
relative . This relative immunity to dermatophyte 
infections is also noted in humans [15]. 
Our observations on the development of a partial 
immunity in guinea pigs differs from that of 
previous investigators [8] who described the devel-
opment of absolute immunity to subsequent der-
matophyte infections. Why this difference exists is 
not clear ; however it may be caused by variation in 
experimental technique. Most previous investiga-
tions have not used quantitat~d fungal inoculae and 
they usually damaged the epidermis [5,6,8, 
10- 12]. These variables could be extremely impor-
tant in explaining discrepancies between studies. 
The development of this animal model system 
will lessen the dependence on human volunteers 
for studying the dynamics of dermatophyte infec-
tions. It may allow efficacy testing of prophylactic 
and therapeutic antifungal agents. Immunologic 
studies, including examination of vaccination, 
lymphocyte transfers, and use of transfer factor , 
are also feasible. This dermatophyte infection 
model system can be used to detect statistically 
significant changes in the parameters of infection 
within 2 to 3 days, while using only 10 animals in 
the test procedure [14]. The quantitative dermato-
phyte infection model may help in answering many 
of the questions about immunity to dermatophytes 
which have been discussed since 1909 [8]. 
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PLATE lao Ten days post infection in an experienced guinea pig. This lesion already is crusted. Only a small 
amou n t of scale can be noted. 
PLATE 2. Fifteen days post infection in an inexperienced guinea pig. This .is a 3+ scale and + crust. 
PLATE 2a. Fifteen days post infection in an experienced guinea pig. The lesion is healing and most of the crust has 
separated. ' 
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